Background Registries of occupational diseases in various European countries differ considerably in criteria for notification and recognition, statistical data provided and the legal and social security context. Therefore, figures on occupational diseases are not comparable between countries and are often regarded as not reliable even within a country. Still, registries of occupational diseases are an important source for policy on occupational safety and health.
Evaluation of occupational disease surveillance in six EU countries 
Aims
To evaluate registries of occupational diseases in European (EU) countries for their ability to provide appropriate information for preventive policy.
Methods
Contact persons of national registries for occupational diseases in six countries were sent a questionnaire on the objectives of their registry and on the quality of monitoring time trends and alerting to new risks. An auditor then visited each contact person, discussed the completed questionnaire and sent a draft audit report to the contact person for verification. Two reviewers then established a quality score based on the verified audit report. The results of the audit were sent to each contact person, who was asked to evaluate the usefulness of the audit instrument for future quality improvement of the registry.
Results
The objectives of the registries assessed in the six countries were compensation, provision of statistics, prevention and research. The average quality was rated 3.2 (SD 2.2) out of 10 for monitoring occupational diseases and 5.3 (SD 1.4) out of 10 for alerting to new risks. The main reasons for the low scores were inadequate education and training of physicians and poor participation of notifying physicians. Three of the six contact persons (50%) agreed that the audit could actually contribute to future quality improvement of the registry in relation to prevention.
Introduction
Despite strong preventive policies, occupational diseases still occur frequently and are responsible for a great deal of suffering and economic damage in countries all over the world [1] [2] [3] . Information on the occurrence of occupational diseases is an indispensable condition for preventive policy. Based on International Labour Organization convention C155, all countries should maintain a registration system that is capable of providing information to policy makers [4] . A large diversity of systems is used to monitor occupational diseases [5, 6] . Besides national registries, several countries have additional schemes [7] . Most national registries are set up within the context of a financial compensation system for occupational diseases and are a part of the country's social security system. At the same time, such systems are intended to provide policy information for the prevention of occupational diseases. The registries of the various European (EU) countries differ considerably in definitions or diagnostic guidelines, criteria for notification and recognition, and the legal and social security context [8] . Furthermore, it can be inferred that the level of underreporting varies between countries [9] . Because of these differences, figures on occupational diseases are not comparable between EU countries. Moreover, the figures are often regarded as not reliable even within a country [10] .
Two types of output can be distinguished that are relevant to national preventive policies: information resulting from the monitoring of occupational diseases and information resulting from the alerting to newly occurring occupational diseases [5, 11, 12] . In order to evaluate whether targets of reduction in occupational diseases and work-related disorders have been achieved by policy measures, we must be able to monitor these diseases. Monitoring presupposes clear case definitions of occupational diseases and a valid way to diagnose them. Furthermore, the case capturing process and the data recording process have to meet certain quality criteria [13] . For comparability of figures between countries, it is necessary to harmonize definitions and methods of registration of occupational diseases [8] .
Another concern is the continuous introduction into the working environment of new products, working practices and organizational contexts that may induce new occupational diseases or work-related adverse health effects [14] . In the case of newly emerging diseases, rapid detection of the health risks is necessary and should be followed by an effective dissemination of the knowledge to all stakeholders. In an earlier study, we developed an audit tool (ODIT) to evaluate national registries of occupational diseases with respect to their ability to monitor occupational diseases and to trace newly occurring occupational diseases [15] . The tool is designed to evaluate and subsequently improve the quality of national registries for occupational diseases for preventive purposes.
In this study, we evaluated national registries in six EU countries. The research questions were (i) what is the quality of the registries of occupational diseases in the six countries? and (ii) what is the usefulness of the ODIT tool for future quality improvement in relation to preventive policy?
Methods
We selected contact persons involved in the national registry of occupational diseases in each of the 27 EU countries and sent them an invitation to participate in the study. Contact persons had to be well acquainted with the national registry. Most of these persons were identified directly from our network, whereas a limited number were contacted via the website of Occupational Safety and Health Administration [6] . Contact persons in six EU countries agreed to participate in the study. Ethical approval from a research ethics committee was not required for this study because the study only focused on registries and did not involve people, medical records or human tissues.
We performed audits of national registries for occupational diseases in those six countries in the period JulySeptember 2007. First, we asked the contact persons to complete and return a questionnaire on (1) the objectives of their registry and (2) the quality of the registration process. They were also asked to mail relevant background information. An auditor visited each contact person and discussed the completed questionnaire, the provided background documents and website information of their registry [16] [17] [18] [19] [20] [21] [22] . Next, the auditor sent a draft audit report to the contact person, offering the opportunity to comment and to verify. If necessary, the auditor used the comments to adjust the audit reports.
Second, two reviewers (J.H.A.M.V. and A.G.E.M.B.) used the ODIT tool to determine a quality score based on the verified audit report. If the two reviewers could not reach a consensus, a third reviewer (F.J.H.D.) was asked to make a decision. The score was added to the report and sent to the contact person as a final report. Subsequently, we asked the contact persons if they agreed with the statement that the tool could actually contribute to future quality improvement of the registry in relation to prevention.
We used a questionnaire to gather the information needed to assess the quality of the registration of occupational diseases. The questionnaire included questions on the objective of the registry and the different quality aspects according to the ODIT tool. The ODIT tool comprises a set of indicators and criteria to evaluate the quality of a registry. The indicators and criteria are presented in Appendix 1 (available as Supplementary data at Occupational Medicine Online). If the criteria for an indicator are met, one or more points are assigned to that indicator. A total quality score (minimum 0 points, maximum 10 points) can then be calculated for the monitor and the alert function. Appendix 2 (available as Supplementary data at Occupational Medicine Online) presents the points assigned to each indicator in order to calculate the total quality score.
Results
Austria, Belgium, the Czech Republic, France, Finland and the UK participated in the study. The names of the registries, the institutes responsible for maintaining the registries, the stated goals of the registries, the persons who are entitled to notify to the registry and the authority responsible for acknowledgement are presented in Table 1 .
The registries of Austria, Belgium and France are directly connected with the compensation system for occupational diseases; their main aim is to supply information for the compensation function. The registries of the Czech Republic and Finland are not related to the compensation system but derive their data from cases notified for compensation. THOR (the UK's Health and Occupation Reporting Network) is totally unrelated to the compensation system and cases are notified only for research aims. THOR is not the official registry in the UK but is maintained with the support of the government and provides information on a national scale. Since this registry provides more information on occupational diseases for preventive policy than does the official registry, we decided to choose THOR for the audit. THOR consists of registries for various categories of occupational diseases, such as EPIDERM for occupational skin diseases and SWORD for occupational respiratory diseases. Occupational physicians report cases to the Occupational Physicians Reporting Activity scheme. A selected group of general physicians report cases of occupational diseases to THOR-GP. Interesting cases or novel causes can be reported to THOR-Extra by all physicians.
Three main steps can be distinguished in the process of registration: notification, acknowledgement and recording of cases. The initial notification of an occupational disease is mostly performed by a physician. However, in compensation systems, the employee and sometimes the employer can also take the initiative, although a medical certificate is always needed. Acknowledgement is performed by specialized and entitled physicians working within the context of compensation systems. Only THOR has no acknowledgement procedure. Tables 2 and 3 present the scores of the six countries for the monitoring and for the alert function.
On a scale of 0-10, the total quality score of the six countries varied between 0 and 5 (mean 3.2) for the monitor function and between 4 and 7 (mean 5.3) for the alert function. For both the monitoring and the alert function, the lowest scores were for the participation of notifying physicians. The item that scored best for the monitoring function was the coverage of registration (five registries met the criteria), while the item that scored best for the alert function was the completeness of the notification form (all six registries met the criteria).
For the monitor function, two out of six countries fulfilled the criteria of the first indicator 'completeness of the notification form'. All registries except Belgium's used the ICD-10 (International Standard Diagnostic Classification, Version Nr. 10, 1990 ) classification for their statistics, although the moment of coding in the process from notification until recording in the database differed. Only the Czech Republic used the EU shortlist for exposure, whereas in Finland exposures are recoded according to the EU longlist after recording in the database. Susceptibility and probability of the causal relation are not recorded in any of the registries. For the alert function, all six countries satisfied the criteria for the indicator 'completeness of the notification form'.
Five countries met the criterion for the indicator 'coverage of registration'. France did not satisfy this criterion because the Régime Général covers only the private sector, which comprises about 60% of the French working population.
For the monitor function, the criterion for the indicator 'guidelines or criteria for notification' was fulfilled in three of the six countries. In all six countries, guidelines or criteria were available, but only Belgium, Finland and the UK had guidelines for all six reference diseases, although in Belgium and Finland no figures were provided on mental health disorders. For the alert function, the criterion for this indicator is that the system is open to the reporting of all suspected cases, which was the case in Belgium, Finland and the UK.
The criterion for 'education and training of notifying physicians' was satisfied only in Belgium and the Czech Republic. Education and training of occupational medicine specialists was on a high level in all participating countries. For the alert function, the reviewers ranked this indicator of intermediate quality in Finland and scored one out of the maximum of two points.
Only the Czech Republic met the criterion for 'participation of notifying physicians' for the monitoring function. In the Czech Republic, it is the specialists at the centres for occupational diseases who report to the registry. For the alert function, none of the countries met the criterion, indicating serious problems with the participation level of the group of notifying physicians in all six countries. Two countries-Finland and the UK-fulfilled the criterion for the indicator 'statistical methods used' by providing a public document that accounts for the methods.
Austria, Belgium, France, and Finland fulfilled the criterion for the indicator 'investigation of special cases'. In these countries, facilities for the investigation of special cases were available.
None of the countries met all the criteria for the indicator 'publication of monitor information'. Incidence rates for all six reference occupational diseases in the total working population were presented only by the UK. With regard to the criterion for 'validity of incidence rates', only Finland and France had an incidence rate higher than 100/100,000 employee years. Only Finland and the UK provided reports containing considerations about the validity of the incidence rates.
All countries except Belgium satisfied the criterion for the indicator 'publication of alert information'.
Three of the six contact persons (50%) agreed with the statement that the audit could actually contribute to the improvement of quality of the registration system in relation to prevention. One contact person did not agree with the statement and was of the opinion that the scoring method of ODIT had to be improved and that criteria for dissemination of information should be added. Two contact persons neither agreed nor disagreed with the statement but agreed on the statement that the registry of occupational diseases in their country needs quality improvement to provide appropriate policy information for prevention.
Discussion
This study evaluated registries of occupational diseases in six EU countries and rated the monitor function as being of limited quality in all six countries and the alert function as poor in four countries. Registries that had a scientific aim-such as those in Finland and the UK-showed better results on the monitoring function than countries with a registry linked to compensation. The publication of monitor information was deficient in all six countries and in four of the countries a justification of statistical methods was lacking. All registries aimed to publish alert information, but the conditions for tracing and investigating remarkable cases could be improved. Poor participation of notifying physicians was a problem in all six countries, whereas education and training of notifying physicians regarding occupational diseases could be improved. Three of the six contact persons agreed that the audit could actually contribute to quality improvement of the registry.
The strength of this study is that we could use a validated audit tool to evaluate the registries of the six countries [15] with the consistent aim to evaluate the ability to provide appropriate information for prevention. We followed a clear and conscientious procedure: the audits were well prepared and executed by the same auditor, the contact persons had the opportunity to comment on the draft reports and we asked the contact persons to verify the final report. A limitation of the study is that we used a theoretical model to evaluate the registries, whereas there might be practical reasons for registries to refrain from upgrading their quality standards. For example, some registries or schemes use their own classification system of diseases or exposures. If notifying physicians are not acquainted with the comprehensive EU classification of exposures, this might be an argument to use a more simplified classification.
A further limitation of the study is that gathering sufficient information concerning some of the indicators requires a more thorough investigation than can be accomplished within the scope of the audit. Concerning the indicators 'statistical measures used' and 'investigation of special cases', we assessed only whether a document that accounts for the statistical methods was available and whether facilities were available to investigate special cases in the opinion of the contact person. Of course, this is only the starting point for a quality improvement process as the next step could be a discussion on the content of the documents and on how investigations of special cases should be performed.
Although comparative studies of registries of occupational diseases have been done before, many of them focused on differences in incidences reported in various countries. For example, Nordman et al. [23] compared reporting systems for occupational asthma in Finland, Sweden, the UK, the USA and Quebec. They found great differences in reported incidences between these countries, likely related to differences in the registries resulting from diverse legislation. Blandin et al. [8, 9] compared incidences in the registries of fifteen countries and found similar trends for some diseases, but also considerable differences, due to dissimilarities in legal conditions of compensation. Diepgen [24] studied occupational skin disease data in Europe and concluded that reliable data are hard to extract from official registries. He also concluded that data on social and economic impact are very scarce. Latza and Bauer [25] compared figures on occupational asthma from Germany with figures of registries in other countries and found great differences in reported causes.
However, a few studies have been done on the quality of registries of occupational diseases. McDonald [26] made an estimation of the denominator on the basis of a survey amongst occupational physicians. He found large-scale underreporting by occupational physicians and an enormous variation between industrial sectors as regards access to an occupational physician. McNamee et al. [27] investigated trends in reporting behaviour. The authors concluded that variation in reporter behaviour is a serious consideration in time trends estimation and recommended new statistical methods to improve estimation of true trends in the future. Chen et al. [28] studied physicians' beliefs about assessment of occupational attribution for work-related musculoskeletal disorders and found a strong agreement between occupational physicians and rheumatologists on the issue. Spreeuwers et al. [29] analysed the quality of occupational physicians' diagnosing and reporting. They concluded that diagnosing and reporting could be improved and advocated information, education and practical tools. We could not find any studies that applied a comprehensive and validated tool to evaluate the quality of a registry.
The audits of the six countries show that quality improvement of registries of occupational diseases is needed in order to support preventive policy with better monitor and alert information. Participation of notifying physicians might be improved by more intensive communication and involvement of notifying physicians with the registry and possibly by creating incentives, like education, financial rewards or practical support. Education and training is on a high level in all participating countries for specialists in occupational diseases, but better education about occupational diseases is needed for other physicians. Developing evidence-based guidelines and training physicians to use them will improve the quality of reporting occupational diseases. Furthermore, every registry should be encouraged to develop a quality document that accounts for the figures published and the statistical methods used. Alerting to newly occurring occupational diseases requires the development of specific methods for tracing new risks and validating signals.
Although this study did not take into account the dissemination of the results of the registries to workplaces and labour safety authorities, such dissemination is decisive for an effective use of the information for prevention.
Another point for discussion is the linkage of registries to compensation systems. A strong linkage to a compensation system has the disadvantage that the registry is tied to the country's social security regulations, which complicates the international evaluation by comparison of results between countries. We should like to promote notification projects in different countries that use the same notification forms and the same, evidence-based guidelines for diagnosing and reporting and with the same quality standards. In addition, surveillance schemes with a sample of motivated reporting physicians are easier to manage and provide better quality results than do nationwide registries [30] .
The ODIT tool can be further developed by using it in practice and discussing the results. To get a better insight into the degree of underreporting, further studies are needed on the notification behaviour of not only physicians but also employees and employers and on barriers to diagnosing and reporting occupational diseases.
